Review of Li et al.
How does our brain build its representation of the world surrounding us? What are the neural correlates and mechanisms at the base of conscious experience? This old, yet timely, question is also one of the most challenging to investigate. Indeed, identifying the neural correlates of consciousness (NCC) requires one to disentangle these processes from those that are strictly related but without an actual conscious content. The lack of such discrimination is one of the weaknesses of the experimental paradigm classically used to study NCC, the "minimal contrast" approach (Baars, 1989; Dehaene and Changeux, 2011) , in which stimulus conditions are held similar while conscious perception varies. Indeed, brain activity registered under the conscious condition may also reflect processes preceding or following conscious perception, but not responsible of it-the so-called "prerequisites" (NCC-pr) and "consequences" (NCC-co) of NCC (Aru et al., 2012) . Li et al. (2014) addressed this issue in a recent study published in The Journal of Neuroscience. The authors used magnetoencephalography (MEG) to record brain activity while participants performed a behavioral task designed to give a trial-bytrial measure of subjective awareness (SUB, i.e., stimulus reported as seen vs unseen), objective performance (OBJ, i.e., participants answered correctly vs incorrectly), and confidence of SUB (CONF, i.e., participants' confidence of being correct rated on a 4-point scale). This behavioral paradigm, a combination of liminal stimulation, forced alternative choice, and trial-by-trial introspection (Lamy et al., 2009; Fleming et al., 2010; Hesselmann et al., 2011) , is one of the main strengths of this study, because it gives a separate quantitative measure for each one of the studied neural processes. Considering that NCC contributes by definition only to SUB; that pr-NCC contributes both to SUB and OBJ; and that NCC-co affects SUB and CONF (Aru et al., 2012) , a separate measure for each one of these processes permitted the authors to associate the brain activity registered by MEG to specific processes. Furthermore, the isolation of brain activity related to SUB permitted the authors to investigate the correlation between slow cortical potentials (SCPs) measured by MEG (Leistner et al., 2007) and SUB, a link hypothesized by He and Raichle (2009) .
The authors found enhanced longlasting event related fields when trials were both seen and correct (i.e., SUB and OBJ), but not when they were unseen and correct (i.e., OBJ), or unseen and incorrect (i.e., no SUB, no OBJ). The authors thus hypothesized that this activity was related to SUB, which was confirmed with a three-way ANOVA on MEG activity taking into account SUB, OBJ, and CONF.
The identification of brain activity specific to SUB is a central contribution to the current research on the neural signatures of NCC. In addition, correlating MEG with MRI data, the authors investigated the anatomical locus and the timing of activity related to SUB and OBJ. The activity related to SUB, but not to OBJ, was most pronounced between 500 ms and 1.5 s after the stimulus, widespread in the frontoparietal and temporal areas, and slow (mainly in the 0.05-1 Hz band). This is a signature of SCPs, consistent with the theory of He and Raichle (2009), supporting an involvement of SCPs in the emergence of conscious awareness. In contrast, the CONF-related activity was relatively transient.
To investigate the cortical excitability state, which is not indicated by MEG recording, two participants underwent EEG recording under the same experimental conditions. Interestingly, in the seen and correct condition (SUB and OBJ), compared with the other conditions, a transient negative potential at ϳ300 ms, followed by a slow positive potential, with the same time window (500 ms to 1.5 s) and anatomical distribution as the MEG activity related to SUB, was noted. Despite the very small sample size, these results are in accordance with what was observed with MEG, and suggest that SUB is correlated with cortical inhibition rather than excitation. If this is true, SCPs could be interpreted as a potential mechanism to reduce the flow of irrelevant information, thus enhancing the stimulus percept at the conscious level. In terms of anatomical distribution, these results are consistent with the hypothesis of widespread brain activity producing the emergence of consciousness, in accordance with the global neuronal workspace (GNW) theory of consciousness proposed by Dehaene and Changeux (2011) .
We believe this study has two main strengths. First, the behavioral paradigm used gives a measure of some of the main processes related to NCC. This represents a clear advance in research on conscious experience. Li et al. (2014) applied a new innovative behavioral protocol that yielded a clear separation between NCC and NCC-co and this is a further step in understanding the NCC.
Second, the use of a high-pass filter around 0.05 Hz in the MEG recordings permitted the authors to analyze the slow long-lasting activity underlying conscious perception, which is strictly related to SCPs. In line with the GNW, the authors found a consistent link between late activity and awareness, meaning a time window of 200 -600 ms after stimulus. In contrast, previous studies indicated a time window around 200 -300 ms as a "primary candidate for a neural correlate of awareness" and the interval around 400 -600 ms as activity related to further processes, such as working memory maintenance and, thus, part of co-NCC (Aru et al., 2012) . Li et al. (2014) opened a new discussion on the time duration of the tripartite distinction of NCCs and this highlights the potential overlap among these activities.
In addition, we have to emphasize that Li et al. (2014) results were confirmed by a retest reliability performed in two participants through three MEG sessions, giving strong power to the results and indicating a late slow positive activity cortical inhibition related to SUB and, thus, manifestation of SCPs as a potential mechanism to reduce the flow of negligible information enhancing the stimulus percept at the conscious level.
Nevertheless, some limitations hamper our enthusiasm for this study. First, pr-NCC can be linked to a variety of processes, such as attention, decision bias, stimulus expectation, adaptation, working memory, and potentially other mechanisms still under investigation (Aru et al., 2012) , which can influence both SUB and OBJ, and which are not directly measured by the used behavioral task. Furthermore, because sensor locations varied across MEG sessions, it was not possible to confirm the anatomical location of the studied processes in the retest. Finally, the observations of Li et al. (2014) are difficult to reconcile with some previous studies regarding the meaning of gamma power. In fact, Li et al. (2014) found that increased power in the gamma frequency correlated with OBJ but not with SUB, in line with Aru et al. (2012) and, thus, arguing against the previous link with SUB found by Gaillard et al. (2009) . Further study of SCPs and consciousness should be encouraged to clarify these inconsistencies.
In conclusion, the study by Li et al. (2014) implicates long-lasting MEG activity, especially SCPs, in consciousness perception. Hence, this specific range of the brain electrical activity is a valuable target for future MEG studies to clarify the specific spatial pattern of the cortical areas involved in this cognitive process. Notably, the current work excluded a confounding effect of working memory decay on the results, but did not investigate the possible links between conscious perception and several other cognitive processes. In particular, in the future, it would be interesting to investigate the potential roles of different forms of memory in the SUB to establish whether different cognitive processes are mediated by an overlapping spatiotemporal pattern of neural network activity.
